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PREFACE 



The purpose of this study was to investigate tho daily valuos of 
the nean-offective lapse rate over certain oooon regions and thereby 
to provide a table of probable values of this quantity for the extra- 
polation of upper pressure surface heights from observed surface data. 
Season, latitude, vriind direction and surface pressure were employed as 
parameters for separation of cases. 

This work was conducted at the United States Naval Postgraduate 
School, I'onterey, California, during the period December 1J49 to Jky 
1950. Tho investigation was prompted by tho construction and distri- 
bution of multi-variate diagrams for the computation of upper pressure 
surface heights from sen level temperature, pressure, and mean effective 
lapse rate. Those diagrams, designed by Professor G. J. Ilaltiner of tho 
Department of Aerological Engineering of the United States Naval Post- 
graduate School, require an estimation of the moan effective lapse rate 
betweon sea level and the desired pressure surface. Tho investigation 
attempts to provide an objective selection of the appropriate lapse rate 
under varying conditions. The assistance and encouragement of Professor 
Ealtiner in the preparation of this thesis is gratefully acknowledged. 
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I. INTRODUCTION 



The desirability of increasing the accuracy of upper pressure 
surface analysis in regions of sparse radiosonde coverage is recognized 
by all meteorologists. Several methods have boon suggested for improving 
the analysis of these charts, among which are the extrapolation of heights 
from sea level data, the assumption of continuity and predictable develop- 
ment of the thickness pattern between layers, the construction of tempera- 
ture anomaly patterns, and others* All of these have proved value and 
several are widely employed. 

The purpose of this paper is to make an objective investigation of 
radiosonde reports from ocean stations and to set forth suggestod values 
of mean effective lapse rates for various locations and surface weather 
conditions. These selected values Yri.ll then be employed to extrapolate 
the heights of the desired pressure surfaces from observed sea level 
values of temperature and pressure. This latter step is to be accom- 
plished by the use of multi-variate diagrams which yield the hoight of 
the pressure surface using an estimated mean effective lapse rate value 
and the sea level temperature and pressure for integration of the hydro- 
static equation. 

A brief review of current methods of obtaining suitably accurate 
analysis of upper pressure surface charts in regions of poor radiosonde 
coverage is presented. The universally accepted approximation of assuming 
a moist adiabatic lapse rate when synoptic observations indicate that ouch 
a lapse rate exists is presented in many standard texts. Unfortunately, 
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in all but the most recent Trorlcs, this method is presented for the 
extrapolation of surface data into pressures for a given uppor lovel 
chart. An example of this presentation is included in the Handbook of 
Meteorology [1] • Kaltiner and Eaton (Vj havo published, in tabular 
form, the results of this method for use in constant pressure analysis. 

The method of the Extended Forecast Section of the U. S. ’.leather 
Bureau, as reported by llanias j4, 5 ] > is based on the so-called 
"differential" technique, but with certain important improvements. The 
thickness pattern of the various atmospheric layers is employed but the 
estimate of thickness is improved "by judicious distortion of the thick- 
ness isograms, or, in effect, by draTring anomalies of thickness." Tho 
fact that this method has been retained and is an integral part of the 
oporation of the Extended Forecast Section is an effective demonstration 
of its vrorth. However , the data, computing devices, and staff required 
for efficient use of this method are seldom available to other weather 
forecast units. 

Most recently, Haltiner , has prepared and issued diagrams 

for the extrapolation of the heights of upper constant pressure surfaces 
from sea level temperature and pressure with the assignment of a value to 
the mean effective lapse rate between sea level and the 700 or 500 millibar 
pressure surface. Beoause of tho lack of statistical studies of oceanic 
lapse rates in the literature, the selection of an appropriate lapse rate 
is primarily subjective with only comparatively broad limitations imposed 
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by theoretical considerations. It is believed that the results of the 
present investigation vri.ll introduco a raodicun of objectivity into the 
selection of mean effective lapse rate values and will materially reduce 
the opportunity for large errors. 

The data used in this investigation vrere obtained from a one year 
file of the Daily Upper Air Bulletin [ 7 ] » namely, from October 1948 
through September 1949* "he reader is reminded that those data are 
unedited. Certain obvious errors have been corrected but it is con- 
sidered likely that some of the "fringe" values obtained in this study 
are the result of erroneous data. 

Two distinct methods of presenting the results of the work are 
utilized. In the first, the 500 millibar mean effective lapse rate is 
separated successively according to (1) season; (2) latitude; (5) wind 
direction, and ( 4 ) sea level pressure. In the second, the monthly mean 
data, with accompanying statistical parameters, is presented for each of 
the several reporting ocean weather stations. 

A test of the effectiveness of the suggested values of the mean 
effective lapse rate is made and tho results reported as mean error from 
the observed heights. The test is considered indicative only, since, be- 
cause of non-availability of other data, a random sample of reports from 
the primary data was used. 
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II. ISTHCD OF ANALYSIS 



From the Upper Air Bulletin the following data wore recorded on 
columnar paper, each radiosonde report with associated sea level data 
filling one line: a) station number or letter; b) date; c) latitude 
and longitude; d) sea level wind direction and force; e) sea level 
pressure; f) sea level temperature; g) height of the 700 mb surface; 
h) temperature at the 700 mb surface; i) height of the 500 mb surface; 
and k) temperature at the 500 mb surface. 

Yfith the exception of the autumn data, which was from 1948, only 
those radiosonde reports were used whero all of the above information 
was available. TThere complete data for the OJOO GOT sounding was not 
reported, the 1500 GCT sounding was used. A total of 1598 reports were 
recorded and analyzed. 

The mean lapse rate from sea level to each of tho upper surfaces 
was computed and entered in columns reserved therefore. Using the multi- 
variate diagrams and entering with the observed height, the sea level tem- 
perature and pressure, a mean effective lapse rate from sea level to each 
of the upper surfaces was determined and entered. 

All entries were then transferred to 5 x 5 cards to facilitate tho 
various separations. On each card was entered the following information: 
latitude, longitude, date (1500 GCT soundings in liou of 0500 GCT sound- 
ings wero indicated by a bar over the date), station number or letter, 
sea level pressure, sea level wind direction and force, sea level tem- 
perature, mean lapse rate and mean effective lapse rate from soa level 
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to each of the upper surfaces. On the reverse of the cord a serial 
nuriber of the sounding was entored which corresponded to a similar 
number against the sounding on the original columnar sheets. 

The mean effective lapse rato from sea level to 700 mb was cor- 
related for a sample period (one month) with the mean effective lapse 
rato from sea level to 500 mb. The result of this correlation indicated 
the practicability of using the "500 mb mean effective lapse rate" ex- 
clusively for further analysis. 

The following notes should be made. All data used for each sounding 
in this investigation were for the same time. This differs from the normal 
practice of extrapolation of the upper surface heights from sea level data 
observed (usually) two and one-half hours earlier. Thus caution is indi- 
cated where surface conditions have changed rapidly subsequent to the 
surface observation and prior to the time of the upper surface map* An 
effort should be made to modify the earlier surface data as necessary 
before the extrapolation is made. Further, although the multi-voriato 
diagrams are computed using virtual temperature, this transformation 
was not made in this analysis. There were two reasons for this. It is 
considered that this refinement is unwarranted considering the nature of 
tho method and also that the lapse rate valuos suggested in this paper 
aro based on observed temperatures. 

Tho following separations were made and frequency tables developed 
thorefrom. I.!ean effective lapse rates from sea level to 500 mb wore used. 
Hind separation was made into four quadrants ontcrod on tho intcrcardinal 
points. Sea levol pressure was divided into ten millibar increments, and 
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latitude into ton decree bonds. The lapse rate figures, which had been 
read to within one one-hundredth of a degree centigrade per 100 nctors, 
were grouped into ten one-hundredth intervals, centered on the oven 
tenths value. The seasons are the even quarters of the calendar year. 

In Appendix I are presented the frequency tables resulting fron 
separation by latitude, season, and lapse rate. In Appendix II are 
found the results of the successive separation according to soason, 
latitude, wind direction, and lapse rate. Appendix III shows tho re- 
sults of successive separation according to season, latitude, sea level 
pressure, and lapse rate. Finally, in Appendix IV, tho frequency tables 
of complete successive separation according to season, latitude, \<ind 
direction, surface pressure, and lapse rate are given. 

From the data contained in Appendix IV, Table 1 was compiled. This 
table is derived from the frequency tables and represents the "best” value 
of mean effective lapse rate to be used for various conditions as defined 
by tho other parameters. 

As a further aid in the selection of an appropriate mean effective 
lapso rate, monthly mean data for each of the several ocean weather 
stations was computed and the results are presented in Table 2. 

By making a random selection of soundings from the file of Upper 
Air Bulletins, a test sample of 50 soundings was collected. The appro- 
priate value of tho moon effective lapso rate was selected from Table 1, 
tho height computed by tho multi-variate diagram, and the height tliU3 
obtained 7/as compared with tho observed height. Tho results of this test 
are prosonted in Table 5» In addition, heights were obtained usm 1 - appro- 
priate neon monthly lapso rate values from Table 2. Tho results of tbio 
technique are al30 noted in "able 5. 
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Ill, DISCUSS io: ’F BRSULTS /JD SUGGLP 101 S FOR 

further rrrjS'riGATio: 



The comparative accuracy achieved by using lapse rate values fron 
Tables 1 and 2 indicates little preference between the tiro, Cn the basis 
of the 50 sounding sample (5#6f> of rocorded observations), the difference 
in average error is considered insignificant. It is encouraging to note 
that the net mean error was minor in each case and did not show a constant 
trend of error# The determination of extrapolated heights to within 200 
feet of the actual enables the analyst to bo confident that tho analysis 
includes all significant features of tho height pattern# The normal 
number of shin reports available in the Pacific and Atlantic Ocean areas, 
in northern latitudes, should provide adequate coverage for complete 
analysis of the upper pressure surface maps. 

Since the number of reporting ocean weather stations does not provide 
conclusive evidence for suggested lapse rate values for an entire latitude 
belt, these values must be used with caution in locations far removed from 
the stations available for this study# 7/hen the data presented herein is 
based on a reporting location well away from large land masses, particularly 
those to windward, the suggested values nay be significantly smaller than 
those actually present over locations immediately to leeward of continents, 
even though in the some latitude belt. In high latitudes, tho existence of 
extensive ico cover must be considered, with tho suggested values of lapse 
rate being adjusted upward to compensate for the increased instability as 
the cold air moves out over tho open water. 
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(Total soundincs lp?8) 
(Test sample 50) 







Usinr 


Us in£ 






Values from 


Values from 






Table 1. 


Table 2. 


Average 


error 


175 ft. 


155 ft. 


llet nean error 


+ 8 ft. 


-15 ft. 


Extreme 


error 


640 ft. 


410 ft. 



TABLE 5 
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In this study, as in many others, it is regretted that the number 
of soundings available for analysis could not have beon incrcasod tenfold 
or more. The absence of soa lovel wind data procludod the use of many re- 
ports# It is considered that the fourteen hundred reports used were barely 
adequate to permit the formulation of Tables 1 and 2# Extreme val les of 
the various basic parameters do not appear with sufficient frequoncy to 
insure accuracy of suggested lapse rato values in those cases# 

Since the separations according to sea level pressure and/or wind 
direction were not completely definitive, certain other available data 
should bo considered in future work# The curvature of surfaco isobars is 
believed to offer distinct possibilities. It is an easily determined 
variable and is closely related to the stability of the over-lying air mass# 
\1ith access to suitable map files or with the publication of the historical 
Weather hap Serios for the period covered by this investigation, this para- 
meter could be determined for each observation and the data entered on the 
existing cards# Separations could then bo mado accordingly with new fre- 
quency tables prepared therefrom# 

Riehl [.6], has published techniques applied in an analysis of lapse 
rate values for the 700-300 mb layer# The assumption that a mean lapse rate 
yrill also be the moan effective lapse rate between the two pressure surfaces, 
which is reasonably well satisfied for the 700-300 mb layer, is not satis- 
factory for the sea level-700 mb, or sea lovel-500 mb layers# The presenco 
of frontal and subsidence inversions invalidates this assumption# Thus a 
loiowlodge of the temperature field at sea level and at tho upper prossuro 
surfaco does not necessarily yield an accurate mean effective lapse rate 
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for tho layer. Further, a classification system according to location 
of tho sounding in relation to troughs and ridges does not serve effec- 
tively in these lower layers. The sea level isobar configurations are 
usually more complex than tnc contour patterns aloft and would thorefore 
require a much more complicated classification. It is believed that tho 
suggested classification according to isobar curvature will achiove the 
desired separation. Riehl*s method of dividing the lapse rate values 
according to temperatures of the 700 mb surface is sound for the upper 
layers, but does not apply in our problem. This is because the sea level 
air tempo raturos are controlled to a very great dogree by the surface sea 
water temperature , and are not intimately related to tho mean temperature 
of the air mass above. Kence, they exhibit primarily a latitudinal and 
seasonal gradient and are not suitable indicators of stability. Thus no 
segregation of lapse rate values has boon attempted basod on soa lovel 
air temporatures. 

A source of possiblo error, present in this study, would be removed 
by obtaining and using microfilm copies of station data sneets, rather than 
the Upper Air Bulletin or Uistorical leather 1'ap Sorios. In each of these 
publications all errors of transmission and inaccurate punching of data 
cards add to the vagaries of statistical analysis. It is concluded that 
a number of tho singular values of lapse rate obtainod wore due to erron- 
eous primary data. 

As has been notod above, a tenfold increase in tho number of reports 
analyzed would most certainly have resulted in increased dofinitiveness . 
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Vfith such a number of cases hovrever, an effort should bo ra^e to utilize 
punch-card techniques and mechanical sorting# 

Since the use of nonthly-noan lapse rate values shows prcsiise, and 
since they are readily obtainable, it is recommended that daily values 
of the moan effective lapse rate over each reportinr ocean station be 
computed and recorded# Table 2 could then be revised as additional data 
was compiled and a noticeable increase in accuracy of crctrapolation should 
ensue » 
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APPENDIX I 



FREQUENCY TABLES OF OBSERVATIONS 
IN GROUPS DEFINED BY LATITUDE AND 
500 13 I SAN EFFECTIVE LAPSE RATE 
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22 


6 








Sumner Ilonths 






















62 IT. 




5 


7 


16 


10 


7 


2 








50-59 IT. 


5 


9 


51 


29 


6 


5 


5 








40-49 


5 


20 


55 


56 


12 


5 


5 


1 






50-59 




2 


2 


48 


88 


50 


1 








Autumn ilonths 






















62 IT. 






5 


5 


14 


17 


26 


12 






50-59 IT. 




1 


4 


12 


22 


15 


18 


7 


1 




40-49 IT. 








— no 


reports 










50-59 N. 






1 


22 


55 


12 


4 









( 15 ) 



•f 



























APPENDIX II 



FREQUENCY TABLE OF OBSERVATIONS HI GROUPS DEFINED BY SURFACE 
TflllD DIRECTION AND 500 LIB MEAN EFFECTIVE LAPSE RATE, AFTER 
SEGREGATION INTO TEN DEGREE LATITUDE BANDS 



• 1 .2 ,5 «4 .5 



.6 .7 .8 ,9 1.0 



Yf inter 62 N. 
HE 
SE 
SW 
NVf 
Calm 



1 



1 

2 2 
2 2 

1 



2 

1 2 

6 9 

2 5 



2 

7 4 

1 



ipring; 62 N« 
1IE 
SE 
SW 
HIT 



5 



3 

2 

1 



5 

3 

2 

2 



3 

2 

1 

1 



2 

1 

1 

1 



2 

2 

1 



Sumner 62 IT. 
HE 
SE 
SYf 
NTT 



14 4 

6 1 

3 4 4 5 

2 2 2 



4 

1 

1 



Autumn 62 N. 

HE 

SE 

syr 

lm 

No diroction rep'd 



1 2 



1 



1 1 



3 5 

1 1 

3 3 

1 5 

6 5 



5 

3 1 

4 6 

1 1 

11 4 



(16) 






Sr tXfc 3 



. 



£ 



„ 






; 

. 
























\ 



LAPSE RATE 


VS. 


YJTHD 


DIRECT IOII 1 


(cchtitued) 






.1 


.2 


•P 


.4 


.5 


.6 


.7 


.8 


.9 


'.Vinter 5©- 5 9 H« 


















HE 






5 


1 


l 




1 




SE 1 


1 


2 


4 


2 


3 


2 


1 




STV 




5 


9 


8 


ll 


4 


2 


1 


irv 




1 




3 


6 


8 


5 


7 


Calm 








l 








1 


Spring 50-59 H. 


















HE 




3 


2 


9 


4 


2 






SE 




3 


6 


4 


3 








svr 


1 


3 


4 


7 


4 


1 


2 




Hff 


5 




3 


7 


4 


5 


1 




Summer 50-59 II • 


















HE 


1 


4 


4 












SE 2 


4 


11 


6 


l 










STf 1 


4 


11 


9 


5 


2 


2 






irv 




4 


11 




2 








Autumn 50-59 H» 


















HE 






2 


4 


3 








SE 






3 


3 


1 


1 






STf 




2 


3 


4 


4 


6 


1 




irv 




1 


2 


5 


2 


8 


3 


1 


Ho direction rept'd 


1 


1 


2 


6 


3 


5 


1 





( 17 ) 



LAPSE RATS VS. '..TED DIRECTION (COST E USD) 



.1 .2 



.4 



.5 .7 



.? 1.0 



'u intor 40-49 IT. 
HE 
SE 
S', 7 

m 



2 

2 

4 



4 

8 

7 



2 

8 

5 

G 



4 

7 

7 

10 



4 

9 



4 

5 



Spring; 40-47 H. 
HE 
SE 
S77 
ir.f 
Calm 



G 

4 



4 

3 

12 

10 

1 



2 

5 

2 

6 



8 

2 

6 

5 



3 

2 

5 

7 

1 



7 

5 



Summer 40-47 II < 
HE 
SE 

r 

Oil 

ir,v 

Cain 



2 

1 



4 

1 

8 

7 



3 



15 

7 

1 



4 

11 

13 

8 



3 



2 

5 

2 



2 

1 

2 



2 

3 



Autumn 40-49 H. 



no reports 



(18) 
















:» 






LAPSE RATE VS. LIND DIRECTION (CONCLUDED) 



Winter 30-59 IT. 
NE 
SE 
SIT 

FJ 

Calm 

Spring 22 -59 El 
HE 
SE 
S 17 
ir.7 
Calm 

Summer 30-5? N. 

ins 

SE 
S W 

mr 

Calm 

Autumn 50-59 
HE 
SE 
STrV 
NIT 



.2 .3 .4 

2 7 

4 

2 

4 



7 22 

4 

7 

5 



2 1 41 

1 

7 



6 



.5 .6 .7 

21 7 

11 8 1 

15 17 2 

4 9 5 

1 1 

10 5 2 

18 10 

55 4 5 

15 5 l 

2 

55 6 

17 4 

21 12 

13 6 l 

1 5 

9 1 

1 

1 

24 12 3 



No diroction rop’t 



1 



APPENDIX III 



FREQUENCY TABLES OF OBSERVATIONS HI GROUPS DEFINED BY SURFACE 
PRESSURE AND 500 MB. ISAM-EFFECTIVE LAPSE RATE, AFTER SEGREGATION 
INTO TEN DEGREE LATITUDE BANDS 



• 1 .2 »5 .4 .5 .6 



.7 .8 



• 9 1*0 



Winter 62 N. 



1050-1059 mb 
1020-1029 
1010-1019 
1000-1009 
990-999 
980-989 
970-979 
96O-969 



2 

1 

1 



1 

1 

2 

2 



1 

2 

1 

1 

1 

2 

3 



1 

1 

3 

2 

2 

5 



1 

2 

4 

2 

1 



1 

1 

2 



Spring 62 N. 

1020-1029 mb 
1010-1019 
1000-1009 
990-999 
98O-989 



1 

2 



1 

4 

1 



1 

7 

1 

2 
1 



3 

3 

1 



4 

l 



3 

1 

1 



Summer 62 N. 

1020-1029 mb 
1010-1019 
1000-1009 
990-999 



2 4 

12 8 

1 6 

2 



1 

6 5 1 

2 11 

1 1 



Autumn 62 N. 



1020-1029 mb 

1010-101 9 
1000-1009 
990-999 
980-989 
870-979 
96O-969 



1 

2 



1 

1 

1 



2 

2 

5 

2 

3 



2 

1 

5 

5 

4 

1 



5 

6 
8 
1 
3 

l 



3 

5 

3 

1 

1 



( 20 ) 



LAPSE RATE VS. SURFACE PRESSURE (COITTHIUED) 



•1 .2 .5 .4 .5 



.6 .7 



.8 .9 1.0 



TTinter 50-59 I*. 



1040-104? nb 

1050-1039 

1020-1029 

1010-1019 

1000-1009 

990-999 

980-989 

970-979 

960969 



1 

3 

3 

1 



3 
8 

4 

3 



1 

5 

2 

4 

3 



3 

6 

5 

6 

1 



2 

2 

4 

2 

3 

1 



2 

1 

3 

2 



1 

7 

2 

1 



Sprinn 50-39 H. 

1030-1039 mb 
1020-1029 
1010-1019 
10001009 
990999 
980989 
970-979 



1 2 

2 2 4 3 3 

1 1 2 12 5 

1 4 3 5 2 

2 2 2 4 

3 11 

1 



1 

2 1 
2 



3 2 



Sunner 50-59 1L 



10201029 mb 

1010-1019 

1000-1009 

990-999 

980-989 

970-979 



2 5 4 

2 4 9 14 

1 2 15 6 

13 4 



2 

1 3 

2 l 



l 

1 



l 



Autunn 50-59 K» 

10301039 nb 
10201029 
1010-1019 
10001009 
990-999 
980-989 
970-979 
960-969 



112 
1114 
2 3 9 

2 5 

3 2 

1 

1 1 



1 

1 

1 5 1 

5841 
5 1 1 

111 
1 
1 



( 21 ) 



LAPSE RATE VS. SURFACE PRESSURE (COKTIKIED) 



.1 



.2 



.4 



.6 



.8 



1.0 



Pointer 4C-4? II. 

10JO-103? mb 
1020 - 102 ? 
1010 - 101 ? 
1000 - 100 ? 
?? 0 -??? 

?G0-?8? 

?70-?7? 



3 

3 

2 



6 

7 

2 

3 

1 



2 

5 

9 

4 



4 
6 
9 

5 
3 



1 

3 

2 

5 

3 

1 



5 

3 



Spring 40-4? II. 

1040-104? mb 
1030-103? 
1020 - 102 ? 
1010 - 101 ? 
1000 - 100 ? 
990-??? 

?8o-?8? 



2 

5 



5 

5 

6 

1 



1 

15 

4 

3 



1 

6 

8 

3 



1 

5 

6 
7 
1 



1 

1 

11 

4 

2 

1 



2 

3 

2 

1 



Sumner 40-49 H. 



1030-103? mb 1111 

1020-102? 1 11 11 11 5 

1010-101? 1 8 16 18 6 1 

1000-100? 13613 

990-??? 1 1 



3 

2 



Autumn 40-4? II. 



no reports 



( 22 ) 



LAPSE RATE VS. SURFACE PRESSURE (CONCLUDED) 



.1 .2 .3 



'.Vinter 30 -59 H. 

1050-1039 mb 

1020-1029 2 
1010-1019 
1000-1009 



Spring 50 -59 N« 

1050-1039 mb 

1020-1029 6 

1010-1019 1 

1000-1009 



Summer 50*“? 9 IT* 

1030-1039 mb 

1020-1029 2 2 
1010-1019 
1000-1009 



Autumn 50-59 
1030-1039 mb 

1020-1029 1 

1010-1019 
1000-1009 



•5 • «P »9 1*0 



8 4 1 

28 12 3 1 

12 24 4 2 

12 1 



5 1 

55 14 1 

20 6 3 

1 2 



2 1 
56 22 
28 8 1 
1 



1 

26 9 2 

8 2 1 

1 1 



.4 

2 

15 

1 

25 

14 

40 

8 

1 

18 

2 



( 25 ) 





* . r 














APPENDIX IV 



FREQUENCY TABLES OF OBSERVATIONS IN GROUPS DEFINED BY 
SUCCESSIVE SEPARATION ACCORDING TO SEASON, LATITUDE, 
WIND DIRECTION, AND PRESSURE 



•1 *2 »3 .4 .5 *6 » 



.8 



Winter 30-$ 9 N. 



NE Wind 



10J0-1039 

1020-1029 

1010-1019 



7 1 

8 11 5 1 

2 1 



SE Wind 



1030-1039 

1020-1029 

1010-1019 



2 

? 5 

14 1 



SW Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 



1 

1 3 2 

1 9 13 1 

2 1 



NW Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 



2 

2 



1 

4 



1 

6 

1 



1 

2 

2 



2 



1 



Calm 

1020-1029 1 1 



( 24 ) 



VO 






- 



SUCCESSIVE SEPARATION (CONTINUED) 



•1 »2 «3 »4 .5 



#7 .8 .9 l.o 



Winter 40-49 N« 

NE Wind 

1030-1039 

1020-1029 

1010-1019 

1000-1009 

990-99? 

9 80-989 



1 1 
1 

1 1 
1 

1 

1 



SE V.'ind 



1030-103? 

1020-1029 

1010 - 101 ? 

1000-1009 

990-99? 



12 2 

2 2 

1 3 2 

2 2 

1 1 



SU Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 

990-999 

980-98? 



1 

14 2 

1 2 
1 2 

1 



1 

2 

1 1 

2 2 2 
2 1 

1 



17J Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 

990-999 

980-989 

970-97? 



2 2 

2 3 

2 



2 1 

12 2 

5 5 2 4 

5 1 1 

1 



1 



( 25 ) 



- 



( 



SUCCESSIVE SEPARATION (CGJTUTOED) 



Tiinter 50-5 9 E « 

HE Uiad 

1010 - 101 ? 

1000-1009 

990-99? 



SE Triad 

1040-1049 
1030-1039 
1020-1029 
1010-1019 1 

1000-1009 
990-99? 



ST7 Hind. 

1030-103? 

1020-1029 

1010-1019 

1000-1009 

??0-?99 

980-989 

970-97? 

960-969 



If, 7 TTind 



1020-1029 

1010-1019 

1000-1009 

??0-9?9 

980-98? 

?70-?7? 



Cain 



1020-1029 

1010 - 101 ? 



•3 »4 .5 .6 



2 1 
1 

2 1 



1 

11 1 

3 

1112 
1 1 



1 

3 2 

3 

2 3 

1 2 



1 2 
1 1 
1 
4 

1 



1 



KMT\ <\J rH 



SUCCESSIVE SEPAKA'" 1011 (COKTEIULD) 



«l »2 »3 »4 .5 »6 



~.7 inter 62 II. 
HE 'iTind 



1030-103? 

1020 - 102 ? 

1010 - 101 ? 

1000-100? 

990-??? 



1 

1 



SE V/’ind 



1020 - 102 ? 

1010 - 101 ? 

1000 - 100 ? 

990-??? 

?8o-?8? 

970-979 



1 

1 

1 



1 



1 



S7T T7ind 



1020-1029 1 

1010-1019 1 1 
1000 - 100 ? 2 

990-9?? 1 1 

980-98? 1 

970-?7? 2 

960-96? 



Hi/ Wind 

1010-1019 

1000-100? 1 

990-9?? 

980-989 1 

970-97? 



Calm 

980— ?8? 1 



SUCCESSIVE SEPARATIOII (CONTINUED) 



•1 .2 »3 »4 • ? 



•6 #7 • »? 1.0 



Spring 30-39 N. 



HE Wind 



1050-103? 

1020-102? 

1010 - 101 ? 

1000 - 100 ? 



6 17 

1 5 



2 

7 4 

111 
1 



SE 'Wind 



1030 - 103 ? 

1020 - 102 ? 

1010 - 101 ? 




1 

5 

4 



ff.T Wind 



1020 - 102 ? 

1010 - 101 ? 

1000 - 100 ? 



1 24 2 

6 11 1 2 

1 1 



ir,T Wind 



1020 - 102 ? 

1010 - 101 ? 



18 3 1 
5 4 



Calm 



1020 - 102 ? 

1010 - 101 ? 



1 

1 



( 28 ) 



* 




SUCCESSIVE SEPARATION (COUTIffUED) 



.1 



•2 #3 .4 *5 *6 



.7 .8 .9 1.0 



Spring 40-4? N. 
113 Wind 



1020-1029 

1010-1019 

1000-1009 

970-99? 

980-989 



232 

11 4 

5 

1 

1 



S3 Wind 



1030-1039 

1020-1029 

1010-1019 



1 

2 3 2 
1 2 



SW Wind 



1040-1049 

1030-1039 

1020-1029 

1010-1019 

1000-1009 

990-99? 



2 

5 



4 

1 

2 

2 



5 

2 

1 



5 

1 



1 

1 

2 

1 



1 

4 

2 



1 

1 

1 



mi Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 

990-99? 

980-989 



2 1 
2 
1 

1 



7 12 1 

13 2 5 1 

13 112 

1 

1 



Cain 



1030-1039 



1 



990-99? 



1 



( 2 ?) 






r 












SUCCESSIVE SEPARATION (CONTINUED) 



•1 *2 «p 



.4 .5 .6 



.7 



•8 .9 i.o 



Spring 50-57 IT. 
I7E Wind 



1020-1029 

1010-1019 

1000-1009 

990-99? 

980-989 



1 

1 



1 

1 

1 



4 

2 

2 

1 



1 

1 

1 

1 



1 

1 



SE Wind 

1030 - 105 ? 

1020-1029 

1010-1019 

1000-1009 

?? 0 - 99 ? 

980-989 



2 

1 

2 2 
1 

1 



1 

2 2 
1 



ST; Wind 



1020-1029 

1010-1019 

1000-1009 

?? 0 - 99 ? 

980-989 



2 



3 

1 

1 



1 

4 

2 



2 

1 

1 



1 



1 

1 



ir.Y Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 

?? 0 - 99 ? 

980-989 

979-979 



1 

1 



1 

2 

2 

1 

1 

1 



1 

1 

1 

2 

1 



1 

1 

1 



1 



( 30 ) 



SUCCESSIVE SEPARATION (CONTINUED) 



.1 .2 ,3 ,4 



.5 .6 .7 .8 ,9 1,0 



Spring; 62 H, 
1JE Wind 



1020 - 102 ? 1 
1010-1019 132321 

1000-1009 211 



SE Wind 



1020-1029 

1010-1019 

1000-1009 

990-999 

980-989 



2 




1 



1 



SW Wind 



1020-1029 

1010-1019 

1000-1009 

990-999 



1 



2 



1 1 



UN Wind 



1010-1019 

1000-1009 

990-999 

980-989 




1 



1 1 



( 31 ) 







", f— 



SUCCESSIVE SEPARATION (CONTINUED) 



.1 .2 .3 .4 .5 



• 6 *7 « ! *9 1*0 



Sumner 30-59 N« 
HE Tfind 



1030-1039 

1020-1029 2 

1010-1019 



SE TTind 

1030-1039 

1020-1029 

1010-1019 



STf "find 

1020-1029 

1010-1019 

1000-1009 



m "wind 

1020-1029 

1010-1019 



Cain 

1020-1029 

1010-1019 



1 1 
1 57 25 5 

4 9 



1 

10 3 
6 1 



1 12 7 
8 5 
1 



3 9 4 

4 4 2 1 



5 

1 



( 32 ) 



SUCCESSIVE SEPARATION (CONTINUED) 



.1 



.2 .3 .4 .5 .6 .7 .8 



.9 1.0 



umner 40-49 N. 
US Wind 



1020-1029 

1010-1019 

1000-1009 



12 12 

3 3 2 1 

1 1 



1 



SE Wind 



1020-1029 

1010-1019 

1000-1009 

990-99? 



12 2 
118 
1 2 
1 



SVf Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 

990-999 



1 

1 4 

1 3 



1 

5 4 1 

853 1 

14 1 1 

1 



NW Wind 



1030-1039 

1020-1029 

1010-1019 

1000-1009 



6 

1 



2 

4 

1 



1 

4 

3 

1 



2 

1 



2 



1 

1 



Calm 

1020-1029 1 



( 33 ) 




< ) _ > r 



- 










SUCCESSIVE SEPARATION (CONTINUED) 



.1 



.2 .? .4 



.5 .6 .7 



•8 .9 1.0 



Summer 50-39 II. 
HE Wind 



1020-102? 

1010-1019 

1000-1009 



1 

1 



SE '.Yind 



1020-1029 

1010-1019 

1000-1009 

990-999 

980-989 

970-979 



2 

12 4 4 

116 
1 1 

1 



STY Wind 



1020-1029 

1010-1019 

1000-1009 

990-999 



1 



1 

2 

1 



2 

4 

4 

1 



2 

5 

1 

3 



2 

1 

2 



1 

1 

1 1 



1TY YiTind 



1020-1029 

1010-1019 

1000-1009 

990-999 



1 1 

1 6 

1 5 

1 1 



2 



( 34 ) 



SUCCESSIVE SEPARATION (CONTINUED) 



•1 .2 *3 #4 .5 



.6 .7 



.0 1.0 



Sumner 62 II. 



ME Wind 



1020-1029 

1010-1019 

1000-1009 

990-99? 




1 

1 

1 

1 



3 

1 



SE Wind 



1010-1019 

1000-1009 

990-999 




1 



SW Wind 



1020-1029 

1010-1019 

1000-1009 



2 2 
12 2 
2 



3 6 



1JW Wind 



1020-1029 

1010-1019 

1000-1009 



12 11 
1 1 



( 35 ) 



3 <- 






' , r 



SUCCESSIVE SEPARATION (CONTINUED) 



Autumn 30-39 N« 

BE TTind 

1030-1039 
1020-1029 
1010-1019 

SE ".Tind 

None reported 

UN Wind 
1010-1019 

ir.V Wind 
1020-1029 

No 7/ind Direction 
Reported 

1030-1039 

1020-1029 1 
1010-1019 
1000-1009 



•4 .5 *6 *7 *8 .9 1*0 



1 

5 7 1 

2 



1 



1 



1 

14 19 9 1 

2 4 2 1 

1 1 






SUCCESSIVE SEPARATION (CONTINUED) 



Atitunn (1948) 40-4 J N« 



— No Reports — - 



( 37 ) 



SUCCESSIVE SEPARATION (CORTIirJED) 



•1 »2 «4 .5 «6 (*7 .8 *9 l.o 



Auturai 50-59 N« 

IIE Tflnd 

1000-100? 

990-999 



SE Vi r ind 

1020-1029 

1010-1019 

1000-1009 

990-999 

980-989 

970-979 

960-969 



S7r Hind 

1030-1039 

1020-1029 

1010-1019 

1000-1009 

990-999 

98O-989 

970-979 

960-969 



Im Hind 

1020-1029 

1010-1019 

1000-1009 

990-999 

980-989 

Ho Yfind Direction 
Reported 

1010-1019 

1000-1009 

990-999 

98O-989 

970-979 



1 5 

1 1 



1 1 
1 

1 

1 1 



1 

1 1 
12 1 



1 1 



1 

2 

2 



2 1 



1 1 
112 
1 2 



1 



1 

2 



1 
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